Abstract. Arctic Charr (Salvelinus alpinus L.) exhibit red ornamentation at abdomen area during the mating season. The redness is caused by carotenoid components and it assumed to be related to the vitality, nutritional status, foraging ability and generally health of the fish. To assess the carotenoid amount, the spectral data is preferred but it is not always possible to measure it. Therefore, an RGB-to-spectra transform is needed. We test here polynomial regression model with different training sets to find good model especially for Arctic charr.
Introduction
Arctic charr are an endangered fish species living in Finland [1] . It is also grown in fisheries and the individuals are considered valuable assets. The most striking feature of charr is its red abdomen area during the mating season. This red ornamentation is thought to be related to the ability of fish to acquire carotenoids from food since animals cannot synthesize carotenoid components (e.g. [2] ). It is assumed to indicate the nutritional status and foraging ability.
Since the carotenoid component seems to be important factor for evaluating vitality, we are developing a system using spectral data for analyzing it. The survival of valuable fish in the quality evaluation is required but up until now, the spectral imaging is too slow, expensive, difficult and cumbersome to use for an ordinary layman. The relation between RGB and spectra has been studied in many papers; see e.g. Baronti et al., Bochko et al., Hardeberg, Heikkinen et al. [3] [4] [5] [6] . The 2 nd and 3 rd order polynomial was chosen for this work.
The applying the transformation for the charr is a challenging task for many reasons. First, since the charr is a natural object, its coloration vary even within one individual. Then its surface and shape also set limitations. Of course, the camera and illumination need to be somehow characterized for the transformation. If the system is to be applied in fisheries and test places in nature, the number of test samples are limited.
In this paper, we describe tests with two polynomial regression models and training samples for obtaining the RGB-to-spectral transform dedicated for Arctic charr (see also [7] ). The training samples consist of Macbeth chart and few pages from Munsell book. The spectral imaging is applied all the training and fish samples. The transform is calculated for sRGB presentation which is commonly used in many cameras. The sRGB is obtained from spectral data thus making the evaluation camera independent and the results can be thought to be optimal in this sense. To evaluate the quality of the transformation, we employed two commonly used error metrics: Root-MeanSquare error (RMSE) for spectra and ΔE of CIELab for human vision.
Spectral Reconstruction Methods for Arctic Charr
The spectral reconstruction for Arctic charr needs several stages as shown in Fig. 1 . First, training set and polynomial are selected and this data is used for calculating the transformation matrix:
where X = RGB values of camera for the selected samples, Y = spectral reflectance corresponding the samples, and W = transformation matrix.
The transformation matrix is calculated in the least square sense using pseudo-inverse method. The obtained transformation matrix is then applied on the test set which consists of spectral images of charr. The quality of the reconstructed image is analyzed in two metrics: CIELab error ΔE for human vision,
where L,a,b = CIELab values for measured spectra, and L t ,a t ,b t = CIELab values for measured spectra and root-mean-square error RMSE for the spectra
where n=number of wavelengths, S=original, measured spectra, and Š=spectra approximation from transform.
Fig. 1. Schema for spectral reconstruction
The best polynomial model is selected based on the error after the calculations. Table 1 shows terms of 2 nd and 3 rd polynomials which both have also a constant term (1 st order polynomial was excluded due its simplicity). 
Reconstruction Results
Two different training sample set where used in reconstruction. All training and fish data was first subjected to spectral measurements. Then the corresponding sRGB presentation was calculated under illuminant 'D65' which is the ideal daylight 6500 K light.
Reconstruction with Macbeth Chart
The training set consisted of all 24 samples of Macbeth chart. The 2 nd and 3 rd order polynomials were applied to calculate the transform. Fig.2 shows an example of Fig. 2 . The upper image is a sRGB presentation calculated from the original spectral image. The lower row display sRGB presentations computed from polynomial approximated spectra: left image is obtained using 2nd order transform, while the right image is from 3rd order approximation.
results: sRGB presentation for original spectra and spectra approximated from sRGB. The 2 nd order approximation produces clearly color distortions for human point of view but color quality of 3 rd order approximation is acceptable. The numerical evaluation of data is presented in Table 2 . The 3 rd order polynomial transform produces smaller ΔE for the fish image than the 2 nd order one but RMSE is bigger for the 3 rd order. This indicates over fitting as shown in Fig. 3 . Fig. 3 . The 3 rd order polynomial transform over fits the spectra. Note that the original spectral data is noisy at the ends of the wavelength range. 
Reconstruction with Macbeth Chart and Pages from Munsell Book
To solve the problem of over fitting, the training samples were complemented with few pages from Munsell book. Munsell book is a colour atlas which has a large number of samples for different hues. The sample pages selected from the book (like YY or RR) have hues similar to the hues present in Arctic charr. Fig. 4 displays the sRGB presentations for the new training data. The extended training set clearly improves color quality for 2 nd order model.
Fig. 4.
Upper row: sRGB from measured spectra. Lower row: left image, sRGB from 2 nd order transform and right image, sRGB from 3 rd order transform. The extended training set clearly reduces the color distortion in the 2 nd order polynomial transform. Table 3 and 4 presents the numerical errors ΔE and RMSE obtained using different training set. The results indicate that the extending training set will reduce the average error in most of the cases, and that the 3rd order polynomial transform produces smaller errors. Tables 5 and 6 display the error calculated for skin patches of Arctic charr to test the transform with color variations. The results are the same also for these cases. The over fitting problem is also avoided as can be seen in Fig. 5 . 
